A commercially available solid-state multiple strip detector was successfully used to perform reciprocal space mapping and to significantly reduce the data collection time as compared to conventional set-ups. The quality of the data benefits from the detector's unique properties such as a high local linearity range and high dynamic range. This paper describes maps of symmetrical and asymmetrical reflections taken on different kinds of samples. A quasi-perfect AlGaAs/GaAs MQW structure was used to evaluate details about the instrumental function. The main application of the proposed set-up is for less perfect materials similar to GaN based structures. A study of the thermal stability of a MOCVD grown InGaN/GaN MQW by means of insitu temperature dependent reciprocal space mapping demonstrates the possibilities of the new set-up.
INTRODUCTION
Reciprocal space mapping is frequently used to study and determine the structural properties of thin epitaxial films such as composition, layer tilt, lattice relaxation and structural quality [1] . These are of particular interest for the analysis of highly mismatched material systems like GaN based structures. Compared to nearly perfect materials the diffraction signals of these structures are typically weak and significantly extended in reciprocal space. Reciprocal spacing mapping on such structures by conventional high-resolution parallel beam set-ups, primary monochromators and crystal analyzers, results in a time-consuming data collection process because of the necessarily long integration time. For these materials, lower resolution slit-based set-ups offering the advantage of increased intensity are considered to be sufficient. In order to further speed up the data collection new approaches are necessary. Lee et al. [2] has successfully applied a gasfilled wire position-sensitive X-ray detector (PSD) for this purpose. However, because of the potential for wire damage at high local count rates these detectors have severe practical limitations. The possibility of using an image plate as a fast detector for reciprocal space mapping was demonstrated by A. Kine et al. [3] . More recently, solid-state multiple strip detectors have become well known for ultra fast data collection of powder diffraction patterns but have rarely been used in parallel beam set-ups [4] . They combine a good spatial resolution and a high local linearity range with a high dynamic range. Additionally they are not damaged by even very high local count rates. This report is about the application of such a detector for medium resolution reciprocal space mapping on epitaxial GaN based multi-quantum well structures. Reciprocal space maps (RSMs) around symmetrical and asymmetrical reflections were measured with this detector and with a double slit collimator in front of a conventional detector using an intense highly monochromatic parallel beam as probe. The results are compared with respect to resolution, instrumental smearing effects and data collection time. A significant reduction in data collection time at equal data quality can be achieved with the multiple strip detector on asymmetrical reflections that are especially important for the determination of the relaxation status of GaN based structures.
EXPERIMENTAL SET-UP
All experiments were performed on a PANaltyical X'Pert PRO MRD [5] . Cu radiation of a sealed tube (line focus) was used. For the measurements on the AlGaAs/GaAs MQW a four crystal Ge monochromator in the (220) setting was applied. It was used in combination with an X-ray mirror that increased the intensity by approximately a factor 8. Much higher intensities (factor 20) were accomplished with a hybrid monochromator. This is an optical module combining an X-ray mirror and a channel-cut Ge crystal. The horizontal and vertical beam size was controlled by slits. Typically a beam height of 5 mm was used. The beam width was adjusted according to the chosen reflection. Symmetrical reflections were measured with a typical size of 0.2 mm while the full size of 1.4 mm was used for asymmetric reflections in grazing exit geometry. Since all optical components are mounted on fast interchangeable modules the set-up can be easily switched depending on the requirements of a sample. The solid-state detector used was based on the real time multiple strip technology (RTMS) [4] . It offers direct detection of diffracted X-rays over a defined 2θ range (typically 1.5°), and the ability to efficiently process high count rates without any compromise on resolution. All maps were recorded as series of 2θ scans at different incident angles. Depending on the required 2θ-range the detector was either used in scanning or static mode. The measured angular maps were transformed into reciprocal space co-ordinates by the equations given in [6] . For the thermal stability studies a heating stage (DHS 900 from Anton Paar) was attached to the diffractometer cradle. Temperatures from ambient up to 900ºC were available. The sample was heated under normal atmospheric condition.
RESULTS AND DISCUSSION
The resolution of reciprocal space maps is determined by the properties of the probe beam and the angular acceptance of the diffracted beam analyzer. For near perfect materials, crystal analyzers are normally used to give the highest resolution and best defined diffraction space probe. The performance of the multiple strip detector was tested by comparing maps measured around the GaAs (004) reflection on an AlGaAs/GaAs MQW structure (Figure 1 ). All the features of the high-resolution map are clearly reproduced. Even the shape of the reciprocal lattice features is not significantly smeared despite the fact that the angular resolution is much smaller with an RTMS detector. The reduction in scan time was approximately a factor of 4. Some of the epitaxial heterostructures that are currently of great interest are structurally less perfect. Typically the scattering is much weaker compared to perfect materials and it covers large areas in reciprocal space. Since the broadening effect caused by the defects is significant, a slitbased analyzer is normally sufficient for reciprocal space mapping. It also improves the detection of the relatively low intensities. In order to quantify the advantage in data collection time of the RTMS detector reciprocal space maps on an InGaN/GaN MQW structure were measured. The 10 periods MQW stack was grown by MOCVD on a thick GaN buffer on top of sapphire substrate. Maps around the symmetrical GaN (0002) and asymmetric GaN (11-24) were compared with corresponding data collected with the two slits analyzer (0.1 mm) in front of a conventional proportional detector. The slits were about 50 mm apart. The greatest time advantage is achieved on asymmetric reflections and grazing exit geometry. This is because reciprocal space information can be easily accessed by 2θ scans. Figure 2 compares both data sets. As well as the intense GaN reflection several satellites can be resolved. The period thickness can be easily determined from the separation in reciprocal space. The alignment of the features in the Qx direction relative to the GaN reflection indicates that the MQW was grown pseudomorphically. The map around the symmetrical (0002) reflection showed no significant tilt of the MQW to the buffer layer. Both maps exhibit the same features in equal quality. There is no difference in resolution. However, the maps recorded with the RMTS detector were taken in 1/10 of the time of the conventional set-up. The possibility to reduce the data collection time of reciprocal space maps significantly was employed for the in-situ diffraction studies on the thermal stability of MOCVD grown InGaN/GaN MQW structures. The sample consisting of 5 MQWs was annealed under normal atmospheric conditions from room temperature to 800°C in 50 K steps. At each step the temperature was stabilized for 10 minutes before a RSM was measured. Each map around the asymmetrical (11-24) reflection was recorded in just 20 minutes. The positions and intensities of the MQW satellites and the GaN buffer peak were evaluated ( Figure 3 ). Below 800 º C the variations of the intensity ratio of the zero order peak (intensity relative to the value at room temperature) were not significant and mainly related to the temperature dependence of the scattering factors. After 30 minutes annealing at 800 º C the intensity ratio started to drop down and decreased about five times after 50 minutes while the intensity of the GaN buffer peak only decreased by 40 % due to the change of the scattering factor. The results show that interdiffusion started at 800 º C and resulted in complete compositional disorder of the quantum wells. 
CONCLUSION
By employing a multiple strip solid-state detector, a new approach for fast reciprocal space mapping was successfully demonstrated. The proposed detector solves some of the problems that have been reported in the past with position-sensitive detection. The major advantage is its dynamic range and insensitivity to high count rates combined with a good spatial resolution. The performance and its instrumental function were tested relative to a crystal and a slit based analyzer. Good quality data were obtaining without additional smearing effects to the reciprocal space features. A maximum time gain of at least a factor 10 was achieved on asymmetric reflections in the grazing exit scattering geometry. This set-up is well suited for the study of less perfect epitaxial layers that typically cover large areas in reciprocal space. As an application, the thermal stability of wurtzite type InGaN/GaN MQW has been successfully investigated by insitu monitoring of its structural quality by means of fast reciprocal space mapping. 
